was experimentally confirmed by GATA4 knockdown, which attenuates this predicted super-enhancer network. Since several long noncoding RNAs (MALAT1, HECTD2as, LIN00881, NEAT1) and transcription factors (HES1, KLF9) are also enriched together with the super-enhancers in the topological data analysis, Ang et al. (2016) performed knockdown of MALAT1 and KLF9, which led to a disruption of the cardiac transcriptional network.
Having established an impaired cardiac gene program in the G296S cardiomyocytes, the authors examined the direct putative targets of GATA4 and TBX5 in human cardiomyocytes within 20 kb and found that TBX5 binding is increased within endothelial topologically associated domains. In parallel, ChIP-seq analysis reveal that this anomalous transcriptional activation of endothelial genes is a result of an open chromatin structure at endothelial promoters due to mislocalization of TBX5, as well as a failure to recruit HDAC2. Furthermore, the authors computationally constructed a GATA4-TBX5 gene regulatory network that identifies PI3K signaling as a regulatory hub. PI3K pathway inhibition reduces force generation in WT cardiomyocytes, but not mutant cardiomyocytes. However, activation of the PI3K signaling by insulin-receptor-substrate (IRS) synthetic peptide reduced forced generation in mutant cardiomyocytes.
In summary, the work of Ang et al. (2016) sheds new light on the regulatory landscape regarding GATA4 in human cardiac development and function. They established that dysregulation of cardiac genes resulting from a GATA4 G296S mutation is due to disruption of GATA4-TBX5 recruitment to cardiac super-enhancers, as well as TBX5 mislocalization, which result in endothelial gene activation. This work shows not only a fundamental pathway in human cardiac development but also the power of modeling human disease with iPS cells. We are a long way from translating developmental biology into clinical strategies for congenital heart disease, but iPS models that reveal molecular mechanisms of human disease represent a crucial step.
